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Charge #5

HL-LHC

E(é\“ Brief Biographical Introduction

= Associate scientist at Fermilab

= Roles in international MTD :
* |4: ETL Engineering

= Roles in US-CMS MTD :
= L3: Endcap Timing Layer

" Development of precision timing detectors
= DOE ECA award in 2018 to work on precision timing detectors

= FNAL LDRD in 2017, US-Japan Science Cooperation award in
2019 to work on LGAD sensors R&D

= Precision timing detector R&D since 2012

= CMS Original Forward Pixel; HCAL operations and
reconstruction

= CMS/CDF data analysis: Higgs searches, SUSY and Exotica
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HL-LHC

EZ Outline

= Conceptual Design
= Scope and deliverables for ETL (402.8.4)
= Cost and Schedule

= Contributing Institutions

= Resource optimization
= ES&H

= QA/QC

= Summary
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Conceptual Design, Scope and Deliverables
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MTD Conceptual Design

, ~/ BTL LYSO bars+S|PM readout:
TK / ECAL interface: |n| < 1.45
//{ + Inner ra »Héfw-j"'-“iwh

Y » Length: 2.6 malong z
g

@ HL-LHC

Charge #1

‘ ETL: Si with internal gain (LGAD):
* Onthe CE nose: 1.6 <|n|< 3.0
+ Radius: 315 <R <1200 mm
* Position in z: £3.0 m (45 mm thick)
+ Surface ~14 m¢; ~8.5M channels
+ Fluence at 4 ab™": up to 2x10™ n, Jom?

MTD provides precision time measurement for MIPs with 6,=30-40ps
with sufficient radiation tolerance to maintain 0,<60ps up to 3000/fb.



https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13151

HL-LHC

MS ! )
EZ De5|gn constraints & Performance

= Time resolution per track: 30-40 ps at the start of HL-LHC, < 60 ps
up to 3000 fbt assuming nominal fluence

= Particle flow reconstruction performance at high PU comparable
to Phase-1 CMS.

= Extend reach for a broad class of new physics searches with long-lived particles

= Achieve radiation tolerance up to 1.7x10*> n,/cm? at |n| = 3.0
= Fluence is less than 1x10*> n,,/cm? for 80% of the ETL surface area

= Low occupancy to ensure small probability of double hits, needed
for unambiguous time assignment

= The ETL detector designed to be accessible for maintenance

= Maintain an independent cold volume which is isolated and operated separately
from the HGCal

= MIP Timing Layer HL-LHC Design Specifications tracked in:
= https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13536
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-102.8.4 WRBS Structure

= ETL project subdivided into 3 tasks:

DOE-CD1-402.8.4

ETL - Endcap Timing Layer
A. Apresyan

= 402.8.4.2: Frontend ASIC

= Design, test, and procure 50% of ASICs
= Ted Liu - separate talk

= 402.8.4.3: Module assembly

= Assemble, test, and deliver 50% of ETL modules
= Frank Golf = separate talk

= 402.8.4.5: Integration and

commissioning

= Participation in I&C activity at CERN, jointly with othe
ETL collaborators

= Slawek Tkaczyk

=]

pd¥*p1-4028.42

ETL - Frontend ASICs
T. Liu

pd¥*p1-4028.4.3

ETL - Assembly
F. Golf, S. Tkaczyk

pd*kp1-4028.45

ETL - Integration and
Commissioning S. Tkaczyk

10/23/19 Apresyan Artur HL-LHC CMS CD-1 Review MTD - ETL Overview



ETL Overview

HL-LHC

Disk 1 Support Plate
Disk 1, Face 1 Disk 1, Face 2

ETL thermal screen

Disk 2, Face 2

——

Disk 2, Face 1

Disk 2 Support Plate

* Placed on the nose of HGCal (1.6 < |n| < 3.0)

» Total silicon surface area of ~14 m? for the two Z-sides.
* Ensure that there are 2 hits for the majority of tracks

10/23/19 Apresyan Artur HL-LHC CMS CD-1 Review MTD - ETL Overview
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2=

" General structure
= Modules mounted on the cooling support structure
= Flexible circuit connects readout chips to power & readout PCB
» Dual-phase CO, cooling is used to remove the heat

1: ETL disk 1; 4: module
2: ETL disk 2; 5: power + readout boards
3: Cooling tube

10/23/19 Apresyan Artur HL-LHC CMS CD-1 Review MTD - ETL Overview 9



Modules

= The ETL modules are built from sub-assemblies containing sensors that are bump
bonded to two readout chips each

= Flex circuits laminated to edge of the AIN substrate provide electrical connections
= A second AIN plate is fixed atop this structure to protect the sensors

= US-CMS will assemble and deliver 50% of ETL modules
= More details in Frank Golf’s talk

HL-LHC

1: AIN module cover

2: LGAD sensor

3: ETL ASIC

4: Mounting film

5: AIN carrier

6: Mounting film

7: Mounting screw

8: Front-end hybrid

9: Adhesive film

10: Readout connector
11: High voltage connector

10/23/19 Apresyan Artur HL-LHC CMS CD-1 Review MTD - ETL Overview 10



LGAD sensors

= Silicon sensors with specially doped thin region with high electric field >
produces avalanche signal with 10-30 gain

= Each sensor contains a 16 x 32 array of pads of size 1.3 x 1.3 mm?

= Demonstrated time resolution of LGADs: ~30 ps up to 1x10*> n.,/cm?, and
about 40 psec up to 2x10*> n.,/cm?

= LGAD sensors are not in the US project scope

= Large community:
= RD50 collaboration, several manufacturers: CNM, FBK, Hamamatsu
= CMS/ATLAS joint production runs with all three companies in 2018

CMS-designed sensors

Gain layer
T

— R

High field

:E? | :;C

(LTI

d
w Ring FBK wafer with CMS- and ATLAS- sensors

10/23/19 Apresyan Artur HL-LHC CMS CD-1 Review MTD - ETL Overview 11
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HL-LHC

= ETROC is bump-bonded to LGAD sensor

10/23/19

2 [ETRoc

= 256 pixel matrix (16x16), each 1.3x1.3 mm?
= 65 nm technology for radiation hardness and low power
= ASIC contribution to time resolution < 40ps

= US-CMS will design, deliver, and test ETROCs
= More details in Ted Liu’s talk
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HL-LHC

CMS : . . :
EZ Integration & Commissioning

= Components will be received at the Endcap Calorimeter Assembly
Facility (ECAF) at CERN.

= Test modules and service hybrids upon reception.

Module and service hybrids mounted on wedges using screws.
Power and data services installed and routed on wedges.

Test at room temperature to verify electrical connectivity.

Connect to CO,, power services, and a DAQ test stand and perform longer-
term, cold-temperature test of integrated wedge.

= The ETL schedule allows for flexibility in the integration.

= Modules integrated onto disks that can either be installed on the surface
or underground

10/23/19 Apresyan Artur HL-LHC CMS CD-1 Review MTD - ETL Overview
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achieved and remaining

= ETROC
= Single- channel analog front-end designed and tested
= 4x4 channel ASIC submitted in August 2019
= 16x16 chip design specification developed and documented
= Details in T. Liu’s talk

" Module Assembly

= Module design and assembly procedure well defined.

= R&D is ongoing to: validate the module design, and develop the module
assembly procedure, QA/QC

= Details in F. Golf’s talk

= Integration & Commissioning

= |ntegration of ETL services with the full CMS defined, design completed
= |nstallation procedure to be worked out in detail.

10/23/19 Apresyan Artur HL-LHC CMS CD-1 Review MTD - ETL Overview 14



Interfaces

HL-LHC

= Interfaces and dependencies documented in cms-doc-13536
= ETROC interfaces:

= LGAD dimensions and pixel sizes, ETROC pinout, matching specs with service
hybrid
= Data format, power requirements, cooling specifications

= Module interfaces:

= Specification of modules sizes and types, flex connector locations and types
= ETROC+LGAD bump-bonding specification, yield
= Module cooling and connectivity to service hybrid

= Qverall detector interfaces

= System Dimensional Envelopes: ETL detectors must conform to the MTD
detector geometry summary document

= CO2 cooling: provided by the CMS common cooling plants

= Detector Safety System: monitoring, control (DCS) and interlocks (DSS) must
conform and interface to the CMS DCS and DSS systems.

10/23/19 Apresyan Artur HL-LHC CMS CD-1 Review MTD - ETL Overview 15



Schedule and cost

10/23/19

Apresyan Artur HL-LHC CMS CD-1 Review

MTD - ETL Overview
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HL-LHC

s .
EZ Schedule Overview

= ETL schedule driven by ETROC availability

= Assembly schedule driven by availability of bump-bonded
LGAD+ETROC sub-assembilies.

= Detailed resource loaded schedule is available in P6, Scrutiny in
context of TDR review, in preparation for LHCC

FY19 FY20 FY21 FY22 FY23 FY24  FY25  FY26

DOE cD-1 ’ cD-3a ’ cD-2/3
MTD s'f:ﬁm <> BTL EDR O ETL EDR
ETL

ETROCO

ASIC
Submission
ETROC3 Production
) ASICs, LGADs  tKPP cms cms
available complete request-by  need-by
Assembly Prototype Pre-production W 6 ‘ 7 mos ‘

1&C 1&C ‘ 6 ?
We are here. cms

need-by
10/23/19 Apresyan Artur HL-LHC CMS CD-1 Review MTD - ETL Overview 17



Charge #3

Milestones for 402.8.4

= Major milestones for end preproduction, production and end of
the project defined. cms-doc-13321

= Finer grained milestones are listed in P6

) T L 2017 0 S 7020 pivi 7022 pisric pis 705 7005 027 7025 pvi] P
Q3[a4[Q1[Q2[Q3[Q4|Q1[Q2[Q3[Q4 [Q1[a2[Q3[Q4|QT[Q2[Q3[Qd [a1[az2 [a3 1=~~~ ~2]Qi[Q2]| Q3] Q4 [Q1[Q2[Q3][Q4|Q1[Q2]|Q3[Q4[Q1[Q2[Q3[Q4 |Q1[Q2|Q3[Q4 QT [Q2 Q3 [Q4 Q1 [Q2|Q3[Q4 [Q1]02[Q3[Q4 Q1 [Q2[Q3[Q4 [a1[a2 [Q3]
OE - CD-1 —-Alternative Selection and Cost Range- Receive ESAAB approWi2 D-]_
03-Jan-2020, TL- Timing Layer - Reafdyfor CD-3A* 8
16-Mar-2020, , ETL - T4 - Module mechanicalédesign validated ¢ Long Shutdown 3 : * Project milestone
15-May-2020*, DOE - CD-3A - Long lead procuréments - Receive ESAAB approvald
26-Aug-2020; ETL - Ready for CD-2 v : External constraint
26-Alig-2020, ETL -iT4 - Tested ETROC1-based modules : ; (e.g. CMS need by date)
09-Sep-2020, TL - Timing Layer - Ready:for co@ Ready for CD-2

21-Sep-2020, ETL - T4 - ETROC?2 pixel level designicomplete * __: : == Schedule contingency
30-Nov-2020%, DOE - CD-2/3 - Performance Baseline:- Receive ESAAB appro 0 CD-2/3 ‘ T
01-Mar-2021, ETL -iT4 - Demonslrfated high throughput assembiy* :
11-Mar-2021, ETL -Ready for CD3 *
11-Mar-2021, ETL - T4 - ETROC2 ready for submission *
11-Mar-2021, TL - Timing Layer -iReady for CD-3 *
18-0ct-2021, , ETL - T4 -Module produttion processes validated *
20-Oct-2021 ,ETL- T4 - ETROC2 testing results ready *
15-Mar-2022, ETL - T4 -EPreproducﬁon ETROCS3 ready for submission *
20-Jan-20§23, ETL-T4 - ETROCS3 prodiction readiness review done:*
20-Feb§2023, ETL - T4 - Production ETROC3 ready for submission *
01-Mar-2028, ETL - T4 - Module pre-production complefe ¢
23-Mar-2023, , ETL - T4 -Finalize module assembly and QC procedures ¢
: 18-May-2023, , ETL - T4 - Finalize module assembly sites 2,
15-Jun2023, ETL - DD - Decision Paintfor Objective Scope - Produce batch 4 of;production madul ETL objective KPP decision
: 28-Nov-2023; ETL - T4 - ETROC Production Complete *

28-Nov-2023, ETL - T4 -iStart of module production ¢
17-Apr-2024, T-KPP-TLI E: ENDCAP TIMING LAYER CONSTRUCTION COMPLI e Apr 2024: ETL threshold KPP Complete
17:Apr-2024, THRESHOLD KPP (T-KPP-TL): TIMING LAYER CONSTRUCTION COMPLETE®
FLOAT - T-KPP-TL-1E: ENDCAP TIMING LAYER CONSTRUC TION COMPLETE - TO i~ CMS NEED BY'::I 14. 2 mOI‘IthS of float to CMS need by date
FLOAT - T-KPP-TL-1: TIMING LAYER CONSTRUCTION COMPLETE - TO -- CP-4 ¢
? 29-May-2024, ETL - T4i- All production modules at CERN *
29-May-2024, ETL - T4 - Module production complete *
09-Jun-2025, E‘i’L - T4 - Installation and Commissioning com

plet : L :
9-Jun-2025, O-KP P-TL-1E: ENDCAP TIMING LAYER CONSTRUCTION AND INSTAL|ATION COMFLE @ Jun 2025: ETL objective KPP complete
09-Jun-2025, OBJEGTIVE KPP (O-KPP-TL): TIMING LAY ER CONSTRUCTION AND INSTAL LFmON COMPLETE

FLOAT -— O-KPP-TL-1E: ENDCAP TIMING L?AYER I&C COMPLETE -—— TQ —- CMS NEED BY ——

FLOAT ~- O-KPP-TL-1: TIMING LAYER OBJECTIVE KPP COMPLUETE — TO —CD-4,k
9-Jun-2025, GMS - ETL -Cl\éS need by date formodule production comélete (including;iMTD schedule contingency as Jun 2025: CMS neEd by date for ETL threShOId KPP
12-Dec-2025. CMS - ETL - Commissioning complete (dMS need by date - includes iMTD scheduleicontingency)* H
30-Sep-2027*| DOE - CD-4 -: Project Completion - Receive appmv@ CD-4

10/23/19 Apresyan Artur HL-LHC CMS CD 1 Review MTD - ETL Overview 18




Charge #3

Critical Path items for 402.8.4

Further details in F. Chlebana's talk

2021

HL-LHC

2019 T 2020 2022 2024
o [ a2 Q3 [ o [ ot | a2 Q3 | a4 Ql [ @ [ a3 | o0& a1l | a2 Q3 | a4 ol | @ | @ [ o o | @ | @ | & ol | @ | @ | o o | @ [ o [ a2 Q3 | a4 ol | a2 Q3 | a4 al_ [ e [ a3
25-Sep-201 R ETL ETROC1 subitted (Off-propct)
Vendor fabricates ETROC (Off-project
F - CD-1-- Aternative Selecton and Cost Range - Receive ESAAB approval
RecereETROCT (Off-project)
intal functonal tests of ETROCH (Ofproject)
hdiate ETROC1 (Off-project)
B Perform fund ional tests af r radated ETROCT (O ff-project) L Sh td 3
01-Agr-2020" & §1S - ETL - DCDC convertar:avaibibk for pre-production Ong u own
Improve pkél block- preamp, discriminaor, TOC
- CD-3A-- Long ledd procurements - Receive ESAAB approval
ize pixellevel preamp, discriminator, TOC, readout

-T4; EROC2 | level di plete : H
TRBCS o miearaten ey b verficton Schedule contingency

30-Sep-2020* & C'- ETL - pGBT avaiable for production

27-Nov-2019*

mmmmmm Critical path activity

15-May-2020

21-Sep-2020~1

30-Nov-2020 DOE - CD-2/3 --Perfc B line - Re ESAAB 1] .
or L ey e Basele - Recete £5448 wproia : External milestone
Isswe PO for ETROC2 productioin

01-Jun-2021* & EMS - ETL - LGAD prototype sensors avaiable
[} Receive ETROC2
Inspect and sort{ETROC2
[Fmmm perfom fundionalty test of ETROC2 - FNAL
[~S iradiate ETROC2

Perform funidt ionalty test of waveform samping - SiU
EJROC3 design modifications following from ETROCV2 functional testing (FNAL)
htegration and verification of ETROC3 (FNAL)

Vendor fabricates ETROC2
01-Agr-2021* £ CHS - .- oooc ci:cz;: avaiable for production (EE CMS need by date)

. 04 serifcaton of ETROC3 (FHAL) Note: where a task is modeled by several P6
Mar 2022: Pre-prod uct|0n 14-Mar- - ETL - ETL.EDR -Enginessng Desgn Review comdete Lo R . R .
ETROC3 dv f bmissi T4 - Preproducian ETROLS ready for subtisson activities with identical duration and schedule
ready tor submission - SVT- Ve TbricatesTROCS logic, then for visual clarity we only display a
Inspect and sort;ETROC3
22.10120205 ETL- TS £ ROE3 avalabl for mudule pre-production prttyping single P6 activity. For example:
ETL - SVT- ASIC + LGAD burp bonding, qualificstion, and shippng - Batch 0 . . i
150612022, g E1L e e o] TS UM e Several institutes working on the same task
ETL L Pertorm whre bonding and encopaunto and tes etan 1o L |00 1~ e Related M&S items procured at the same time

ETL: - Perform mechanical assembly of pre-gfoducton modules - Batch 1 Stage 2 - UL
ETL - Fradaton of preproduction moduke
ETL | rradiate preproduction modules (M§S)
- Testbeam evaluation of rradated preproduction modules
03-Jan-2023*, CMS - ETL - Start module integration afd comms sioning
Conduct production readiness revie!
20-Jan-202: ETL - TS - Frontend ETROC3 developjment done
20-Jan-202: - T4 - ETROC3 production readingss review done
. .. ; - Prepare purchase order forf produdin ETROC3
Feb 2023: Production ETROC3 ready for submission £ - Te - Producion ETROCS reddy fa submssin
- Bsue PO for production ETROC3
ETL - SVT- Vendor fabricates producton ETROC3
ETL - Receive produftion ETROC3 [CORE]
ETL - hspect and sprt production ETROC3
ETL - QC and s¢rt prodiction ETROC3 - Batch 1
ETL - Ship profduction ETROC3 to bump bondin g vendor:- Batch 1
ETL - SV - ASIC + LGAD bunp bonding and shippig - Batch 1
- h$pect bump-bonded production assemblies - Batch 1- UCSB & FNAL
. . - mp-bonded production assemblies - Batch 1- UNL .
Timing Layer Threshold KPP: 0-0ct.20§, Oct 2023: Start module productlon
- Perform mechanical assembly of production modules - Stage 1 - UCSB at FNAL - Batch 1
- Perform production wire bording and encapsuld ion and tests - FNAL - Batc!
- Perform mechanical assembly of ptoduction modukes - Stage 2 - UCSB at FNAL - Batch 1

H ETL - Perform final production moduk OC - UCSB at FNAL - Batch 1
Apr 2024: ETL construction complete 1L Periorm mechancalsosems ofproducton modues - Sage | - UCSB alFNAL - Batch 2
ETL - Perform production wire bondifg and encapsulation and tests - FNAL -iBatch 2

ETL - Perform final production moliuk CC - UCSB at FNAL - Batch 2
ETL - Perform wire bonding and;encapsutin and tests - UNL - Batch 3
ETL - Perform mechanical assémbly of production moduks - Stage 2 - YNL- Batch 3
ETL - Perform final production module OC - UCSB at FNAL - Batch 3

1 ETL - Packand Shp moduks o CERN (M3S) - Batch 3 - UNL
ETL - Track production modules ard ship to CERN - UCSB - Batch3

2024, . ETL - TS - oduk productiin 75% conplee

KPP (0-KPP-TE): TING LAYER CONSTRUCTION. COMPLETE

17-Apr- T-tP 1E: ENDCAP TMNG LAYER CONSTRUCTON COMPLETE | -
- FLOAT -— T-KPP-TL;1E: ENDCAPTIMNG LAYER CONSTRUCT}ON COMPLETE — TO -— O#S NEED BY

] FLOAT-:-T-KPP-TL-1: TIMING LAYER CONSTRUCTION COMPLETE — TO — CD-4

(14.2 months float before CMS need by date) L - arfommmoch £ secenely of roducion oaies - St 1- UL Batens

01-Jul-2024* & CMS -ETL - CMS need by — ETL Instalation and Commissioning Complete

Timing Layer Objective KPP: i A0st  Gh 2L £ AT o sy 5% compte - [*"

14-Mar-2025* & CMS - ETL - E.A.20 - Module infegration 100% complete (ETL2 ready to instal)
15-May-2025 S - ETL - EA21- ETL instalation on CE domplete
. . . 09 CTIVE KPP YER CONSTRUCTION AHD INSTALLATION COMPLETE
. e— = PRTL-1E: ENDCAPTMING LAYER CONSTRUCTION AND INSTALLATON COMPLETE
Jun 2025' ETL construction and InSta”atlon Complete & FLOAT -— O-KPP-TLLE: ENDCAP TIMNG LAYER BC COMPLETE -— TQ) -— CMS NEED BY

] FLOAT-:-0-KPP-TL-1: TMING LAYER CBJECTNE KPP COMPLETE - TO - CD4.

25-Sep-2025* & CMS - ETA. - Lowering of HGT;ALZ

30-Sep-2027- "% DOE - CB-4 - Project Compkton - Receive aprova
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HL-LHC

.
- Estimate

402.8.4-TL-WBS L4 Base Budget Breakdown {DOE)
BAC = $6.33M {AYS)

402.8.4-TL-Base Budget Profile (DOE)-WBS L4 Subprojects
2%: 1&C labor BAC = $6.33M (AYS)

‘ ., 51,800

=3

4%: 1&C material

= $1 600 m Budgeted Cost - 402.8.4.5
_;_ . m Budgeted Cost - 402.8.4.3
7 $1,400 || mBudgeted Cost - 402.8.42
16%: Module § $1,200
assembly labor
Y 38%: ETROC X 51,000
production Ea; $800
T
3 %600
0/
12%: Module . 4400
assembly material
. ]

FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26 FY27
Fiscal Year

28%: ETROC
design

= ETROC production, and module assembly labor and M&S are the
main cost drivers

= Cost drivers for I&C:

= Purchase of environmental chamber and electronics for system tests
= COLA for students and postdocs; salaries for engineer/technician for I1&C

10/23/19 Apresyan Artur HL-LHC CMS CD-1 Review MTD - ETL Overview 20



Charge #3

ETL risks

HL-LHC

= WBS / Ops Lab Activity : 402.8.4 ETL - Endcap Timing Layer (10)

= Risk Rank : 3 (High) (1)

v

RT-402-8-01-D  ETL - Additional FE ASIC prototype cycle is required 40 % 500 -- 600 -- 700 k$ 4 -- 5 -- 6 months 240 2.0

= Risk Rank : 2 (Medium) (5)

> RT-402-8-03-D  ETL - FE ASIC does not meet specs - needs another pre-prod run 10 % 874 -- 930 -- 986 k$ 6 -- 7.5 -- 9 months 93 0.8
RT-402-8-55-D  ETL - Schedule delay in submitting ETROC2 30 % 55--110-- 165 k$ 2 -- 4 -- 6 months 33 1.2
RT-402-8-02-D  ETL - ETL module facility unavailable 50 % 20 k$ 2 months 10 1.0
RT-402-8-10-D  ETL - Sensor quality problem during production 15 % 28 -- 52 -- 109 k$ 2 -- 3 -- 6 months 9 0.6
RO-402-8-01-D ETL - Use AltiROC 10 % -720 k$ -8 months -72 -0.8

= Risk Rank : 1 (Low) (4)

RT-402-8-54-D  ETL - Schedule delay in submitting ETROC3 20 % 27.5--55 -- 82.5 k$ 1--2 -- 3 months 1" 0.4
RT-402-8-53-D  ETL - Integration facility at CERN runs out of components 25% 21k$ 3 months 5 0.8
RT-402-8-31-D  ETL - Storage-related degradation of LGADs 10% 18k$ 3 months 2 0.3
RT-402-8-51-D  ETL - Problem with vendor provision of module components 5% 0--15--30k$ 1--2 -- 3 months 1 0.1

* Project governed by Fermilab Risk Management plan.

* Risk workshop with external reviewers conducted.

* Dominated by risks related to ETROC, details in Ted’s talk
* Documented in cms-doc-13480

10/23/19 Apresyan Artur HL-LHC CMS CD-1 Review MTD - ETL Overview 21



Contributing Institutions and
Resource Optimization
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Charge #4

HL-LHC

g(é\“ Contributing Institutions

= ETROC effort led by FNAL team in collaboration with SMU

= Years of experience in designing ASICs for HEP experiments

" Modules assembly and system testing will be done at FNAL & UNL

= Extensive recent experience in design/assembly of silicon detectors for HEP
= UNL and FNAL will serve as assembly sites. UCSB+BU will provide additional labor.
= SiDet and Test Beam facility at Fermilab for prototyping, assembly and testing

* Modules bump-bonding quality control at U of Kansas:
= Extensive recent experience in QA sensor testing for Phase 1 pixel detector

" [ntegration and Commissioning at CERN
= Work performed largely by students and postdocs

10/23/19 Apresyan Artur HL-LHC CMS CD-1 Review MTD - ETL Overview 23



HL-LHC

E(é\“ Resource Optimization

= We follow value engineering in organization of the
project and optimal use of resources (cms-doc-13475).

= Reuse of elements from other phase 2 projects
= Common IPs through |[pGBT and RD53 developments

= Reuse of the OT power supply units, bump-bonding studies for
MAPSA

= Use of standard IMEC agreements with TSMC for discounts in
ASIC production

» Reuse the CO, plant at FNAL for prototype testing

= Shared costs in labor and discounts in prototyping stage
LGAD sensor R&D in collaboration with ATLAS and iCMS

= Construction model:

= Module construction will be shared among two sites in US,
with shared prototyping efforts

10/23/19 Apresyan Artur HL-LHC CMS CD-1 Review MTD - ETL Overview 24



HL-LHC

=" ES&H

= All ES&H aspects of the HL LHC CMS Detector Upgrade Project will
be handled in accordance with the Fermilab Integrated Safety
Management approach, and the rules and procedures laid out in
the Fermilab ES&H Manual (FESHM)

= The current construction plan involves no materials of identified
environmental risk: cooling plant is based on CO, rather than Freon

= Detector will use high voltage ( ~ 600 V) and will be operated in a
refrigerated mode (-30°C), similar to OT and HGCal

= Standard operational procedures will be developed and documented to
allow safe operation

= R&D and some production testing will involve the use of gamma,
neutron, and proton radiation.

= These tests will be performed at commonly-used radiation facilities and
will follow the standard operational procedures defined at each facility

= Documented incms-doc-13394
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EZ Quality Assurance and Quality Contro‘

" Quality Assurance & Control plan documented in cms-doc-13536

= Quality Assurance : Prevention of Issues

= Prior to the production of ETL modules, several prototype rounds are planned to
identify potential problems and minimize the impact to cost or schedule:

= Aseries of prototypes, both mechanical dummy and functional
= Checkpoints/reviews in early production for prototypes to identify issues
= Fixed procedures for construction, automation

= Testing procedures: test-beams, integration testbeds, radiation testing including
operation of systems under irradiation, thermal cycling tests

= System tests will be performed on assembled modules to assure quality

= Quality control : Identification of issues

= The procedure for module assembly and quality control will be developed during
prototyping period.

= module components will be tested prior to the final assembly during production
= Use databases to track all components through the assembly and testing processes

= Verify that only good quality components (sensors, power and readout boards, and
ASICs) are assembled into modules

HL-LHC
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HL-LHC

CMS
E é Summary

= We have made significant progress in all areas since June 18
= ETL design is well defined

= Prototype sensors from FBK and HPK look great, demonstrated radiation
tolerance for HL-LHC

= ETROCO prototype testing looks great, ETROC1 submitted Aug 2019
= Fast progress in the module assembly and QA development

= Cost, schedule and risks are understood and documented

= A strong team of contributing institutions in the US and internationally

= Significant experience of designing, building, and testing silicon detectors for
HEP experiments

" Conceptual design is complete and well on the way to baselining.
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